The effects of dehulling and micronization (infrared heating) on the nutritive value of three cultivars (Impala, Radley, and Sirius) of peas (Pisum sativum) varying in coat color for broiler chickens were studied. Dehulling increased (P < 0.05) protein and starch contents and decreased (P < 0.05) fiber content of peas. Also, the concentrations of most amino acids slightly increased (P > 0.05). Micronization slightly changed (P > 0.05) the chemical composition of peas. Moisture, protein, fiber and phosphorus contents marginally decreased. The concentrations of aspartic acid, glutamic acid, isoleucine, lysine, cystine, threonine, and tyrosine decreased (P < 0.05), whereas that of methionine slightly increased (P > 0.05). Lysine concentration was decreased by 2.7%. The TME n and average true AA availability values determined with adult cockerels were improved (P < 0.05) by micronization, but the availabilities of lysine were decreased by 11.3, 4.4, and 2.0% for Impala, Radley and Sirius, respectively. The decrease was significant (P < 0.05) for Impala and Radley but not
INTRODUCTION
Like other grain legumes, peas (Pisum sativum L.) can provide a considerable proportion of dietary protein and energy for poultry; however, the inclusion of high amounts (above 20%) of peas in diets of broiler chickens has been reported to have a negative effect on growth rate and feed utilization (Moran et al., 1968; Igbasan and Guenter, 1996) . This negative effect has generally been attributed to the presence of various antinutritive or toxic substances in peas. Heat-labile protease inhibitors (Griffiths, 1984) , tannins (Griffiths, 1981; Igbasan et al, 1994) , and lectins (Bender, 1983) are the antinutritional factors most often implicated in the poor performance of chickens fed diets containing peas.
Compared with cereal grains, pea seeds are high in starch, which is the greatest single dietary source of significant for Sirius peas. Application of micronization resulted in a significant (P < 0.05) improvement in AME n , apparent protein digestibility (APD), and starch digestibility. The increments ranged from 19.4 to 31.3, 8.5 to 33.6, and 12.2 to 22.3% for AME n , APD, and starch digestibility, respectively. In contrast, dehulling had little or no effect on AME n (3.0 and 4.9%), APD (-1.8 and -4.2%) and starch digestibility (2.0 and 1.3%) values of Impala (yellow-seeded) and Radley (green-seeded) peas but significantly (P < 0.05) improved the AME n (24.1%), APD (26.8%), and starch digestibility (12.1%) values of Sirius (brown-seeded) peas. Chick performance was evaluated in a 2-wk trial. Birds fed micronized peas grew faster and had better feed conversion (P < 0.05) than birds fed untreated peas and the wheat-soybean control diet. Addition of lysine to the diet containing micronized peas further improved (P > 0.05) weight gains and feed conversion of broiler chicks. Dehulling only improved (P < 0.05) the performance of birds fed Sirius peas.
1996 Poultry Science 75:1243-1252 energy; however, energy value in peas is lower than in cereal grains. Pea starch is considerably less digestible by chickens than starch in any of the cereal grains (Longstaff and McNab, 1987) . Although factors such as particle size and nature of starch granules (Moran, 1982) , antinutritional factors like amylase inhibitors, lectins, tannins, and phytates (Thorne et al, 1983; Dreher et al, 1984) may contribute to poor digestibility of pea starch in poultry, Longstaff and McNab (1987) suggested that accessibility of starch granules to enzymic attack, which is dependent on endosperm cell wall thickness and structure, seems to play a greater role.
Processing methods that eliminate or inactivate toxic substances from peas and alter starch structure to improve accessibility of starch granules to enzyme degradation offer promise of improving nutrient utilization and allowing maximum use of peas in poultry diets.
The overall performance of chickens fed peas has been shown to be influenced by heat-treatment of the peas (Longstaff and McNab, 1987; Conan and Carre 1989; Brenes et al, 1993) . Those studies demonstrated (Key words: peas, Pisum sativum, micronization, dehulling, broiler) that autoclaving improves protein and starch digestibilities and apparent metabolizable energy values of peas. However, the potential damage of protein is high because of treatment time and also it is an impractical process for large-scale commercial production required by the feed industry.
Heat processing, such as micronization, which ensures continuous flow of grains and shorter treatment time to minimize protein damage, or treatment based on the separation of whole grains into fractions with high and low levels of antinutritional factors, such as dehulling, may be more beneficial than autoclaving. Micronization is the name given to a process in which industrial propane is burned over ceramic tile or nichrome wire elements to produce infrared radiation, which, when absorbed by grains, is reported to cause rapid internal heating and subsequent starch gelatinization (McNab and Wilson, 1974) . The process has been reported to improve the nutritive quality of cereal grains for growing pigs (Lawrence, 1973; Savage et al, 1980) and chickens (Douglas et al, 1991) and faba bean (Vacia faba L.) (McNab and Wilson, 1974 ) for growing chickens. There is no documented report to show whether micronization would have any beneficial effect on the nutritive value of peas.
The present study was undertaken 1) to determine the effects of micronization and dehulling on the chemical composition and nutrient availabilities of three cultivars of peas differing in seed coat color; 2) to examine the growth performance of broiler chickens fed micronized and dehulled peas; 3) to determine whether lysine supplementation of micronized peas would have any effect on the chick performance.
MATERIALS AND METHODS

Plant Materials
Three cultivars of peas, Impala, Radley, and Sirius, representing yellow, green, and brown seed coat color, respectively, were obtained from Manitoba, Canada. The chemical compositions of these cultivars have been reported (Igbasan and Guenter, 1996) .
Pea Processing
Prior to micronizing, the peas, having an average moisture content of 12.3% were reconstituted to about 18% moisture. Reconstitution or tempering was carried out by adding tap water to 250-kg sample of each cultivar in a medium-sized vertical silo. The tempering took 18 h. The tempered peas were micronized (infrared heated) at a 2 Micronizing Co., UK, Framlingham, Suffolk, UK. temperature between 110 and 115 C for 55 s in a micronizer 2 located at InfraReady Products Limited, Saskatoon, SK, S7K 5Y8, Canada. Micronizing was immediately followed by a roll flaking process in a flaking mill located just posterior to the micronizer.
The dehulling process involved cracking of the hulls with a roller mill followed by air classification to separate the hulls from the cotyledons. Apart from grinding, which was also performed on processed samples, there was no further processing carried out on the peas samples used as control.
Chemical Analyses
All pea samples were analyzed in duplicate for DM, CP (N x 6.25), NDF, starch, ash, fat (ether extract), calcium phosphorus, and AA. Chemical analyses were also performed on the feed and excreta samples obtained from the digestibility trials.
The DM, CP, ash, and fat were analyzed by the standard methods of the Association of Official Analytical Chemists (AOAC, 1984) . Calcium and total phosphorus were determined by the procedures of the AOAC (1990) and Analytical Methods for Atomic Absorption Spectrophotometry (Perkin-Elmer, 1973) . The NDF content was measured by the procedure outlined by Van Soest and Wine (1967) and modified by Robertson and Van Soest (1977) with the addition of a-amylase enzyme. Starch in peas, feed, and excreta samples was taken as the difference between the total glucose and nonstarch polysaccharide (NSP) glucose. Total glucose was measured using a modified NSP determination procedure described by Englyst and Cummings (1984) with minor modifications (Slominski and Campbell, 1990) . The modification included the elimination of the enzyme hydrolysis step in the procedure after the sample had been gelatinized-solubilized in a boiling water bath for 0.5 h in 0.1 M sodium acetate buffer. The total glucose and the NSP glucose were quantified by using gas-liquid chromatography.
Samples were analyzed for AA content with a LKB 4151 Alpha Plus AA Analyzer. 4 One hundred milligrams of each sample were prepared by acid hydrolysis using the method of AOAC (1984) as modified by Mills et al. (1989) . Acid hydrolysis involved digestion in 4 mL of 6 N HC1 for 24 h at 110 C. Methionine and cystine were determined by the method of Hirs (1967) . The gross energy content of peas, feed, and excreta samples was measured using a Parr, adiabatic oxygen bomb calorimeter.5
Digestibility Trials
Digestibility trials were performed with adult cockerels and broiler chicks. The precision-feeding technique described by Sibbald (1986) with minor modifications was used to determine the TME n and TAAA values of untreated and micronized peas in adult cockerels.
Briefly, following a 28-h period without feed, each pea sample was precision-fed (30 g per bird) to a group of 10 birds housed in individual metabolism cages (62.2 x 34.3 x 43.3 cm) in an environmentally controlled room. After 48 h, all excreta from each bird was collected. The excreta samples were frozen, freeze-dried, and ground for chemical analyses. The TME n values were calculated according to the method of Sibbald (1986) and the TAAA were calculated as described by Sibbald (1979) . Endogenous energy, nitrogen, and amino acid values used in the calculations were obtained from pooled data for 30 unfed birds treated as described for the precision-fed birds. The TME n and TAAA values for each pea sample were determined in duplicate and each duplicate value represent a pooled determination from 10 birds.
A 9-d feeding trial was also conducted with broiler chicks to determine the AME n , apparent protein digestibility (APD) and starch digestibility of untreated, micronized and dehulled peas. Two hundred and forty day-old Arbor Acres male broiler chicks were obtained from a commercial hatchery and housed in electrically heated Petersime battery brooders. 6 The brooders were housed in an environmentally controlled room and the temperature in the brooders was regulated to be 35 C for Week 1 and 32 C for Week 2. The room temperature was maintained at 25 C.
The trial was conducted using a modified total excreta collection procedure as described by Mollah et al. (1983) . A corn-soybean diet was formulated (Table 1) as a reference (basal diet). The test materials (untreated and treated peas) were substituted for 500 g/kg of the basal diet. However, to avoid vitamin and mineral deficiencies, components of the diet containing these nutrients were left intact and were added during final mixing. The mixing proportions for all diets were as follows: basal diet, 485 g; peas, 500 g, and vitamin and mineral premixes, 15 g.
Ten diets were prepared. The diets were as follows: corn-soybean basal diet (CS); CS + untreated Impala (MP) peas ( Birds were maintained on a standard diet for 3 d before the initiation of the experiment. After the start of the experiment, birds were fed the test diets for 7 d (adaptation period) prior to a 2-d collection period. Excreta were collected daily during the balance period and stored at -18 C. Afterwards, excreta were freezedried, equilibrated at ambient temperature for 24 h, weighed, ground, and stored in plastic bags for chemical analyses. The APD values were calculated from the weighted average of apparent digestibilities of individual amino acids. Glycine was eliminated from this calculation because uric acid is degraded to glycine and ammonia during the acid hydrolysis of excreta (Soares et ah, 1971) . The AME n , APD, and starch digestibility values assigned to peas were calculated by assuming additivity of values assigned to basal and pea fractions.
Performance Trial
The trial was designed to compare the performance of broiler chicks fed diets containing untreated, dehulled, and micronized peas and to determine the response of broiler chicks fed micronized peas supplemented with lysine. Eleven isoenergetic and isonitrogenous diets were formulated. Diet 1 was a typical wheat-soybean meal diet and diets 2 to 11 contained peas replacing wheat and soybean meal. Except for those diets that contained dehulled peas (in which a correction was made for the amounts of hulls), the inclusion level of peas in all diets was 400 g/kg. Diet 11 was supplemented with 0.15% Llysine to meet the digestible lysine level (calculated) of the diet containing untreated Impala peas (see footnote in Table 2 ). The compositions and calculated analyses of the diets are presented in Table 2 .
Three hundred and thirty male day-old Arbor Acres broiler chicks were used. Housing and management of birds were as described for the digestibility trial with broiler chicks. From Day 1 to 3, the birds were fed commercial chick starter crumbles containing 210 g/kg 
1t\e digestible lysine levels (calculated) for Diets 2, 4, and 11 were 11.4, 10.6, and 11.5 g/kg, respectively. WFor the vitamin mix, the amount supplied per kilogram of diet were: vitamin A, 8,250 IU; cholecalciferol, 991 IU; vitamin E, 11.0 IU; vitamin B CP. On Day 3, chicks were sorted into six weight groups from which they were allocated to experimental pens at six birds per pen. The pens were randomly assigned to 11 dietary treatments with five pens per treatment. The experiment lasted for a period of 14 d. Performance criteria examined included weight gain, feed consumption, and feed conversion ratio.
Statistical Analysis
Data were analyzed using the General Linear Models (GLM) procedure of SAS® (SAS Institute, 1986) . Treatment means were compared by Duncan's multiple range test (Duncan, 1955) and in some cases by orthogonal contrasts when F values had probabilities less than 0.05. Table 3 shows the chemical composition of untreated, dehulled, and micronized peas. Dehulling influenced (P < 0.05) the CP, starch, and NDF contents of peas. However, there was no effect (P > 0.05) of dehulling on moisture, ash, fat, calcium, and phosphorus contents. Micronization did not (P > 0.05) modify the chemical composition of peas. Moisture, CP, NDF, phosphorus contents were marginally decreased whereas the contents of ash and fat slightly increased. The effect on starch and calcium levels was not consistent.
RESULTS AND DISCUSSION
Composition of Peas
The amino acid profiles of untreated, dehulled, and micronized peas, expressed as grams per 16 g N, are presented in Table 4 . The concentrations of several amino acids were higher in dehulled pea samples than in whole seeds. However, the effect of dehulling on the concentrations of most amino acids was not significant (P > 0.05). On the other hand, micronization reduced (P < 0.05) the concentrations of aspartic acid, glutamic acid, isoleucine, lysine, threonine, and tyrosine. Lysine concentration was decreased by 2.7%. In general, on a cultivar basis, micronization decreased total concentrations of amino acids by 3.3, 3.6, and 5.6% in Impala, Radley, and Sirius peas, respectively. There were considerable variations in the chemical composition and amino acid concentrations among the three cultivars of peas evaluated.
Micronization and dehulling caused some changes in the chemical composition of peas. Changes in composition as a result of micronization have been reported for other grains. In barley and corn, Mercier (1971) and Lawrence (1973) showed that the micronization process decreased moisture and CP levels but increased fat content. Similar findings were reported by Savage and Clark (1988) and Douglas et al. (1991) for sorghum grains. Douglas et al. (1991) also observed that micronization caused minor alterations in the amino acid profiles of sorghum and corn. For both grains, lysine contents were decreased but cystine contents were increased; however, the effect on methionine level was not consistent. Dehulling enriched the nutrient concentrations of peas. This result could be due to the removal of the dilution effect of fiber as evidenced from the reduction of the fiber (NDF) contents in dehulled seeds. The fiber content was decreased by 35.7, 28.7, and 27.0% in Impala, Radley, and Sirius peas, respectively. The increase in nutrient concentrations as a result of dehulling was similar to those observed previously with peas (Brenes et al, 1993) and fababeans (Marquardt et al, 1975) .
Digestibility Trials
The TME n and TAAA data obtained from adult cockerels are presented in Table 5 . Micronization induced a positive effect (P < 0.01) on TME n values irrespective of the pea cultivar. The improvement was 16.2, 9.5, and 19.1% for Impala, Radley, and Sirius peas, respectively. Regardless of cultivar, the effects of micronization on the availabilities of most amino acids were highly significant (P < 0.01). There was no effect (P > 0.05) of micronization on the availabilities of histidine and tyrosine. When compared with untreated peas, the overall mean availabilities of amino acids across the three pea cultivars were greatly affected (P < 0.01) by micronization. Except for lysine histidine, and tyrosine, the availabilities of all other amino acids in peas were improved by micronization. The availability of lysine was decreased by 11.3, 4.4, and 2.0% for Impala, Radley, and Sirius, respectively. The decrease was significant (P < 0.05) for Impala and Radley but not significant (P > 0.05) for Sirius peas. The availability of methionine was only slightly increased (P > 0.05) for Impala (2.1%), but substantially increased (P < 0.05) for Radley and Sirius peas (17.8% and 29.3%, respectively). In general, on a cultivar basis, the mean availabilities of amino acids were not higher (P > 0.05) for micronized Impala and Radley (4.6% and 3.4%, respectively) and moderately higher (P < 0.05) for micronized Sirius (9.7%).
Compared with untreated peas, micronization had a profound effect (P < 0.01) on the AME n APD, and starch digestibility values of peas in young broiler chicks (Table 6 ). Dehulling also affected the AME n (P < 0.01), APD, and starch digestibility (P < 0.05) values of peas; however, dehulling and micronization affected (P < 0.01) these parameters with different magnitude. Irrespective of cultivar, micronization substantially improved AME n , APD, and starch digestibility values. The increments ranged from 19.4 to 31.3, 8.5 to 33.6, and 12.2 to 22.3% for AME n , APD, and starch digestibility, respectively. In contrast, dehulling produced marginal improvements in AME n values of Impala (yellow-seeded) (3.0%) and Radley (green-seeded) (4.9%) whereas the AME n value of Sirius (brown-seeded) was substantially improved (24.1%). The results of APD also showed that dehulling resulted in only a slight decrease in APD values of Impala (-1.8%) and Radley (-4.2%) but dramatically increased the APD value of Sirius peas (26.8%). Significant improvement in starch digestibility of Sirius Means within the same row with no common superscript differ significantly (P < 0.05). !Data for untreated peas were adapted from Igbasan and Guenter (1996 a-e Means within the same row with no common superscript differ significantly (P < 0.05). *P < 0.05. **P < 0.01. peas similar to those in AME n and APD values was also observed. Regardless of processing, the AME n , APD, and starch digestibility values were higher (P < 0.05) in Impala and Radley peas than in the Sirius peas. This finding was also true for TME n and TAAA values. The AME n and starch digestibility values were similar (P > 0.05) for both Impala and Radley. All cultivars of peas evaluated exhibited differences (P < 0.05) in their protein digestibility.
The improvement in TME n and AME n values observed in this study is in agreement with earlier reports that demonstrated that heat treatment improved ME value of peas in chickens. Longstaff and McNab (1987) and Carre et ah, (1991) , reported significant improvement in ME of peas as a result of autoclaving and steam pelleting. An improvement in the digestible energy value of barley and corn for growing pigs and soybeans for growing rats as a result of micronization was also reported by Lawrence (1973) and Hutton and Foxcroft (1975) . Application of micronization resulted in an increase in AA availabilities and apparent protein digestibility. The increase revealed that some form of Means within the same column with no common superscript differ significantly (P < 0.05). *MP = Impala; RD = Radley; SR = Sirius. *P < 0.05. **P < 0.01. Means within the same column with no common superscript differ significantly (P < 0.05). J MP = Impala; RD = Radley; SR = Sirius. *P < 0.05. **P < 0.01.
heat treatment is required to inactivate protease inhibitors present in peas (Griffiths, 1984) and to alter the three-dimensional structure of plant proteins to allow the protein to be more susceptible to enzyme hydrolysis (Nordheim and Coon, 1984) . In studying the effect of micronization on faba beans, McNab and Wilson (1974) found that micronized faba beans had their trypsin inhibitor activity reduced by 91.6%. The reduction in lysine availability observed in this study may result from the formation of Maillard reaction products, which are condensation and polymerization products of AA like lysine with sugar aldehyde groups (Bjarnason and Carpenter, 1970) . Maillard products are regarded as fiber and are resistant to enzyme degradation. Pancreatic proteases (trypsin and chymotrypsin) are rich in methionine and cystine and an excessive endogenous loss of these AA due to stimulation of pancreatic enzyme production (resulting from the actions of protease inhibitors) may lead to a low availability of methionine (Kempen, 1993) . The inactivation of these inhibitors may explain, in part, the increase in the availability of methionine as well as cystine.
It is evident that infrared treatment (micronization) was able to increase the digestibility of pea starch. The beneficial effect of micronization could be as a result of its influence on gelatinization or disruption of intermolecular bonds in pea starch. According to Moran (1982) difficulties in starch digestion with fowl can be alleviated by heat treatments that initiate granule gelatinization. Similarly, McNeill et al. (1975) found that gelatinized or disrupted starch is more rapidly degraded by enzymes than raw starch. This improvement in starch digestibility agrees very well with earlier reports by Lawrence (1973) and McNab and Wilson (1974) , which showed that micronization increased in vitro starch availability in cereal grains and faba beans.
Although dehulling removes a substantial amount of fiber, feeding dehuUed peas to broiler chicks did not improve protein digestibility but slightly increased the AME n and starch digestibility values of Impala (yellowseeded) and Radley (green-seeded) peas. These effects may be attributed to the increased protease inhibitor content that is known to be present in the cotyledons at much higher concentration than in the hulls (Van der Poel et al, 1989) . The slight increase in starch digestibility when the hulls were excluded may be due to a better enzyme to substrate contact. Longstaff and McNab (1987) have demonstrated that digestion of starch is being influenced by its accessibility to the digestive enzymes. The authors also observed improvement in in vitro starch digestion when pea hulls were removed from the incubation medium. Dehulling of Sirius peas (brown-seeded) increased the AME n , protein, and starch digestibility values. This positive response can be substantiated from the fact that the hull fraction of peas contains phenolic compounds (tannins) that interfere with nutrient digestion and utilization. This cultivar has been shown to contain appreciable quantity of tannins (41.0 g/kg-catechin equivalents) that are located in the hulls, whereas the other two cultivars (Impala and Radley) are tannin-free (< 1.0 g/kg) (Igbasan et al, 1994; Igbasan and Guenter, 1996) . Similar studies with tannincontaining Maple pea cultivar (Brenes et al, 1993) and faba beans (Marquardt and Ward, 1979) showed that dehulling was effective in improving their nutritive value.
The improvements in AME n values of peas correspond to the improvements in protein and starch digestibilities as earlier reported by Carre et al. (1987) and Conan and Carre (1989) . The differences in ME, protein, and starch digestibility values among the pea cultivars used in this study have been reported earlier (Igbasan and Guenter, 1996) .
Performance Trial
The results of the 2-wk performance trial of broiler chicks fed untreated, dehulled and micronized peas are presented in Table 7 . Broiler chicks fed diets containing 400 g/kg of untreated Impala, Radley, and Sirius peas had lower weight gains than those birds fed the wheatsoybean control diet; however, this was only significant (P < 0.05) with Sirius peas. The corresponding FCR was also affected (P < 0.05). Compared with untreated peas, dehulling as well as micronization produced significant effects on weight gains (P < 0.01) and FCR (P < 0.01) but not on feed consumption. Both dehulling and micronization produced different effects on feed consumption (P < 0.05) and FCR (P < 0.01). Birds fed dehulled Sirius and Radley peas consumed more feed than their counterparts fed micronized peas. On the other hand, birds fed micronized peas had better feed conversion than those fed dehulled peas.
The poor performance of chicks fed untreated peas is in agreement with our earlier reports (Igbasan and Guenter, 1996) . In addition, we showed differences in performance of broiler chicks fed different cultivars of peas varying in nutrient concentrations and coat color that were similar to those observed among cultivars used in this study. Compared with those birds fed untreated peas, there were improvements in weight gains and FCR of birds fed dehulled Impala (5.3%, 5.5%), Radley (6.3%, 3.0%) and Sirius (9.8%, 5.7%) peas. The magnitude of improvements is higher in Sirius (brown-seeded) than in Impala (yellowseeded), and Radley (green-seeded) peas. This result could be related to the tannin content in this cultivar. The magnitude of improvements in performance follows closely the improvements in nutrient availabilities observed in the digestibility trial with chicks.
Regardless of the pea cultivar, micronization improved weight gains and feed conversion efficiency of broiler chicks. The respective improvements in weight gains and feed conversion, above untreated peas, were: 8.7 and 10.3%, 10.1 and 8.4% and 11.7 and 12.1% for Impala, Radley, and Sirius peas, respectively. Addition of lysine to micronized Impala peas improved (P > 0.05) weight gains and FCR by 5.3 and 4.1% above unsupplemented micronized Impala peas. Compared with untreated Impala peas, micronization coupled with lysine supplementation improved (P < 0.05) weight gain and feed conversion of broiler chicks by 14.5 and 13.9%, respectively. Both diets had similar digestible lysine level. Feed consumption was not affected by the processing methods; however, birds fed the dehulled Sirius peas did have a higher (P < 0.05) feed consumption.
The better energy, protein, and starch utilization of micronized peas shown in digestibility trials contributed to a faster growth rate and better feed conversion in broiler chicks. McNab and Wilson (1974) and Douglas et al. (1991) have shown in their studies that the improvements in weight gains and feed conversion of chicks fed micronized faba beans and sorghum were related to the increase in starch availability and AME n values of these grains. The biological availability of lysine in micronized peas may be a concern as evidenced from the improvement in performance of chicks fed micronized peas supplemented with 0.15% L-lysine. Some amount of lysine might have been involved in cross-linking reactions with either carbohydrate or other amino acids in the process of heating. "Bound" lysine is not digestible and in turn, is unavailable to the animals. The TAAA data (Table  5) indicate that up to 11% of lysine may be involved in these cross-link formations.
In summary, dehulling increased protein, starch and total amino acid concentration but decreased fiber content. On the other hand micronization decreased moisture, protein and fiber contents as well as the total concentrations of amino acid. The TME n , AME n , TAAA, APD, and starch digestibility values were also improved by micronization. Chicks fed micronized peas performed better than chicks fed the untreated peas or the wheatsoybean control diet. Addition of lysine to the diet containing micronized peas further improved the performance of chicks. The improvement may be related to the adverse effect of micronization on the availability of lysine. Dehulling was more beneficial when applied to tannin-containing peas.
